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characterizationAbstract An organic–inorganic hybrid CuII–ErIII heterometallic arsenotungstate Na3[Cu(en)2(H2-
O)][Cu(en)2]1.5[H3Er(a-AsW11O39)2]Æ4H2O (1) (en = ethylenediamine) has been hydrothermally
synthesized and structurally characterized by elemental analyses, IR and UV spectra, X-ray photo-
electron spectroscopy (XPS), cyclic voltammetry and single-crystal X-ray diffraction. 1 displays an
organic–inorganic 2-D sheet structure constructed by sandwich-type [H3Er(a-AsW11O39)2]
8 frag-
ments and [Cu(en)2]
2+ connectors. From the topological viewpoint, if the [H3Er(a-AsW11O39)2]
8
fragments are viewed as 3-connected nodes and [Cu(en)2]
2+ connectors are considered as linkers,
the 2-D sheet can be simpliﬁed into a 2-D (6,3)-network topology.
ª 2014 TheAuthors. Production and hosting by Elsevier B.V. on behalf of King SaudUniversity. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).1. Introduction
Polyoxometalates (POMs), as a fascinating family of polynu-
clear metal–oxygen anionic clusters, have attracted continuous
and considerable interest in the past several decades, not only
due to their remarkable structural topologies, but also owing
to their unique physicochemical performances and potential
applications in diverse ﬁelds such as catalysis, magnetochemis-try, photochemistry, electrochromism, biology, medicine,
materials science and nanotechnology (Yvon et al., 2014; Li
et al., 2013). Among the family of POMs, more attraction
has been focused on the design and synthesis of novel transi-
tion-metal (TM) or lanthanide (Ln) substituted polyoxotung-
states (POTs) because the nucleophilic oxygen-enriched
surface and high negative charge of lacunary POTs can make
them work as useful inorganic multidentate building blocks
to capture TM or Ln cations (Li et al., 2014; Yang et al.,
2013). To date, numerous novel TM or Ln substituted POTs
have been obtained such as [Nb4O6(Nb3SiW9O40)4]
20 (Kim
et al., 1999), [(P2W15Ti3O642)4{Ti(OH)3}4Cl]
45 (Sakai et al.,
2003), [H56Fe28P8W48O248]
28 (Godin et al., 2005), [Mn19
(OH)12(SiW10O37)6]
34 (Bassil et al., 2011), [(MnII(H2O)3)2
(K  {a-GeW10MnII2 O38}3)]19 (Molina et al., 2013),
[As12Ce16W148O524(H2O)36]
76 (Wassermann et al., 1997),
[(PEuW10O38)4(W3O14)]
30 (Howell et al., 2001), [Ce(H2O)5metallic
2 X. Liu et al.As4W40O140]
25 (Xue et al., 2002), [Ce20Ge10 W100O376(OH)4
(H2O)30]
56 (Bassil et al., 2007) and [Gd8As12W124O432
(H2O)36]
60 (Hussain et al., 2009).
Nevertheless, reports on TM–Ln heterometallic POTs
derivatives are very limited, the key reason of which is that
the inevitable competitive reactions among highly negative
POT precursors, strongly oxyphilic Ln cations and less active
TM cations in the same reaction system may enhance difﬁculty
in the simultaneous combination of lacunary POTs with TM
and Ln ions. However, it is found that the ﬂexible coordina-
tion geometries (trigonal bipyramid, square pyramid and octa-
hedron) and the Jahn–Teller effect of the octahedral and
pseudo Jahn–Teller effect of the square pyramids for copper
cations can to some extent overcome this difﬁculty in con-
structing POT-based Cu–Ln heterometallic derivatives
(PBCLHDs) (Zhao et al., 2013; Shi et al., 2012; Mialane
et al., 2004). As shown in Scheme 1, hitherto, some typical
PBCLHDs have been sequentially discovered. For instance,
in 2008, Liu and co-workers reported a class of PBCLHDs
K2H7[{Ln(PW11O39)2}{Cu2(bpy)2(l-ox)}]ÆxH2O (Ln = La
III,
PrIII, x= 18; Ln = EuIII, x= 16; Ln = GdIII, x= 22;
Ln = YbIII, x= 19; bpy = 2,20-bipyridine, ox = oxalate)
based on bis(undecatungstophosphate)lanthanates and dinu-
clear copper(II)–oxalate bridges (Cao et al., 2008). In 2009,
Mialane et al. discovered two heterometallic {Cu3Ln} cubane
inserted POTs {[Cu(en)2(H2O)][(Cu(en)(OH))3Ln(SiW11O39)
(H2O)]}2Æ20H2O (Ln = Gd, Eu) (Nohra et al., 2009). In
2010, Su’s group described two inorganic–organic Cu–Ln
heterometallic silicotungstates [Cu(en)2H2O]3[(a-SiW11O39)
Ln(H2O)(g
2,l-1,1)-CH3COO]ÆxH2O (Ln = Nd
III, x= 3.5;
Ln = SmIII, x= 3) (Du et al., 2010). In 2011, three 2-D
inorganic–organic Cu–Ln hybrids assembled from
Keggin-type phosphotungstates {[Cu(en)2]2(H2O)[Cu(en)
(bpy)]Ln[(a-HPW11O39)2]}
4 (Ln = GdIII, TbIII, ErIII) were
discovered by Wang et al. Niu et al. (2011). In 2012, Niu’s
group reported a family of organic–inorganic hybrid
PBCLHDs containing pzda ligands (enH2)[Cu(en)2(H2O)]2
{[Cu(en)2][Cu (en)2(H2O)][(a-SiW11O39)Ln(H2O)(pzda)]}2ÆxH2O
(Ln = YIII, DyIII, YbIII, LuIII, x= 4, pzda = pyrazine-2,
3-dicarboxylate) and [Cu(en)2(H2O)]2{[Cu(en)2]2[Cu(pzda)2]
[(a-H2SiW11O39)Ce(H2O)]2}Æ8H2O (Zhang et al., 2012). In
2013, a novel 1-D organic–inorganic hybrid oxalate bridgingScheme 1 The development o
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[Cu(en)2][Tb(a-PW11O39)(H2O)2(ox)Cu(en)]Æ6H2O was pre-
pared by Yang’s group (Zhao et al., 2013). It can be observed
that most PBCLHDs are mainly focused on silicotungstates,
phosphotungstates and germanotungstates, whereas much less
focus has been dedicated to arsenotungstates (ATs) (Merca
et al., 2007; Merca et al., 2013). Therefore, the exploration
and discovery of Cu–Ln heterometallic ATs is an incipient
ﬁeld. With the aim of synthesizing novel AT-based Cu–Ln het-
erometallic derivatives, we began this subject in 2011 and have
made some progress. In 2012, we reported a class of organic–
inorganic hybrid AT-based Cu–Ln heterometallic derivatives
[Cu(en)2(H2O)]4[Cu(en)2]2[Cu(H2O)4]0.5 {Cu(en)2[H2Ce
IV
(a-AsW11O39)2]2}Æ10H2O, [Cu(dap)(H2O)2]0.5[Cu(dap)2
(H2O)]2[Cu(dap)2]3[Ln(a-AsW11O39)2]Æ3H2O (Ln = Pr
III,
EuIII, dap = 1,2-diaminopropane) and [Cu(dap)2]5.5[Ln
(a-AsW11O39)2]ÆxH2O (Ln = Tb
III, x = 6; Ln = DyIII,
x= 5) (Shi et al., 2012). As a part of our continuous work,
we have synthesized an organic–inorganic 2-D CuII–ErIII
heterometallic AT with a (6,3)-network topology Na3[Cu(en)2
(H2O)][Cu(en)2]1.5[H3Er(a-AsW11O39)2]Æ4H2O (1), which is
constructed from sandwich-type [H3Er(a-AsW11O39)2]
8
fragments and [Cu(en)2]
2+ connectors.
2. Experimental
2.1. Materials and methods
The trivacant Keggin precursor Na8[A-a-HAsW9O34]Æ11H2O
was synthesized according to the literature (Bi et al., 2001)
and conﬁrmed by IR spectra. Other chemicals were obtained
from commercial resources and used without further puriﬁca-
tion. Elemental analyses (C, H, and N) were carried out on a
PerkinElmer 2400-II CHNS/O analyzer. Inductively coupled
plasma atomic emission spectrometry (ICP–AES) was per-
formed on a Perkin–Elmer Optima 2000 ICP–AES spectrome-
ter. IR spectra were recorded on solid samples palletized with
KBr on a Nicolet 170 SXFT-IR spectrometer in the range 400–
4000 cm1. The UV spectrum was obtained with a HITACHI
U-4100 UV–VisNIR spectrometer in the range of 400–
190 nm. XPS spectra were recorded on an Axis Ultra X-ray
photoelectron spectrometer and XPS analyses were correctedf some typical PBCLHDs.
ic characterization of a 2-D organic–inorganic hybrid CuII–ErIII heterometallic
rabjc.2014.12.002
Table 1 Crystallographic data and structural reﬁnements for
1.
Empirical formula C10H55As2Cu2.5N10Na3O84ErW22
Temperature (K) 296(2)
Crystal color Purple
Formula weight 6249.26
Crystal system Triclinic,
Space group P-1
a (A˚) 16.0644(11)
b (A˚) 18.3189(13)
c (A˚) 20.8415(14)
a () 114.2620(10)
b () 90.8760(10)
c () 93.9700(10)
V (A˚3) 5571.7(7)
Z 2
Dc 3.725
Abs. coeﬀ. (mm1) 24.507
F(000) 5449
h for data collection () 1.69–25.00
Reﬂections collected 28,606
Unique reﬂections 19,445
Rint 0.0682
Goodness-of-ﬁt on F2 1.015
R1, wR2 [I> 2r(I)] 0.0732, 0.1479
R1, wR2 (all data) 0.1123, 0.1558
A CuII–ErIII heterometallic arsenotungstate 3with reference to C1s (284.6 eV). Cyclic voltammetry was car-
ried out on a CS electrochemical workstation (Wuhan Corrtest
Instrument Co. LTD) at room temperature. A conventional
three-electrode system was used. Platinum gauze was used as
a counter electrode, and a Ag/AgCl electrode was referenced.
The chemically bulk-modiﬁed carbon paste electrode (CPE)
was used as the working electrode.
2.2. Synthesis of 1
A mixture of Na8[A-a-HAsW9O34]Æ11H2O (0.428 g,
0.161 mmol), CuCl2Æ2H2O (0.120 g, 0.704 mmol), ErCl3
(0.143 g, 0.566 mmol), en (0.15 mL, 2.241 mmol) and H2O
(5 mL, 278 mmol) was stirred for 2.5 h (pHi = 6.77), sealed
in a 25 mL Teﬂon-lined steel autoclave, kept at 160 C for
5 days and then cooled to room temperature (pHf = 6.96).
Purple prismatic crystals were separated by ﬁltering, washed
with distilled water and then dried in air at ambient tempera-
ture. Yield: ca. 32% based Na8[A-a-HAsW9O34]Æ11H2O.
Elemental analysis (%) calcd for C10H55As2Cu2.5N10Na3O84
ErW22 (1): C 1.92, H 0.89, N 2.24, Na 1.10, Cu 2.54, As
2.40, Er 2.68, W 64.72; found: C 1.83, H 1.02, N 2.09, Na
0.83, Cu 2.71, As 2.63, Er 2.49, W 64.55.
2.3. Preparation of 1-CPE
30 mg of graphite powder and 10 mg of 1 were mixed and
ground together by an agate mortar and pestle to achieve a
uniform mixture, and then 0.05 mL of Nujol was added with
stirring. The homogenized mixture was packed into a glass
tube with a 3.0 mm inner diameter, and the tube surface was
wiped with paper. Electrical contact was established with a
Cu rod through the back of the electrode.
2.4. X-ray crystallographic determination
Intensity data of 1 were performed at 296(2) K with a Bruker
APEX-II CCD diffractometer (Mo Ka radiation,
k= 0.71073 , graphite monochromator) by x and h scan
modes. Routine Lorentz polarization and empirical absorption
corrections were applied to intensity data. The structure was
solved by direct methods and was reﬁned by using Full-matrix
least squares methods on F2 with the SHELXTL 97 software
(Sheldrick, 1997). No hydrogen atoms attached to isolated
water molecules were located from the different Fourier
map. The positions of hydrogen atoms attached to carbon
atoms and nitrogen atoms were geometrically placed in ideal
positions. All hydrogen atoms were reﬁned isotropically as a
riding model using the default SHELXTL parameters. Aniso-
tropic thermal parameters were used to reﬁne all non-hydrogen
atoms except for some oxygen atoms, carbon atoms, nitrogen
atoms and water molecules. A summary of crystallographic
data and structure reﬁnements for 1 is listed in Table 1.
3. Results and discussion
3.1. Description of crystal structure
Single crystal X-ray diffraction indicates that 1 displays an
organic–inorganic 2-D sheet structure. 1 crystallizes in thePlease cite this article in press as: Liu, X. et al., Synthesis, structure, and spectroscop
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contains an asymmetric subunit {[Cu(en)2(H2O)][Cu(en)2]1.5
[H3Er(a-AsW11O39)2]}
3, three Na+ cations and four lattice
water molecules. The asymmetric subunit {[Cu(en)2
(H2O)][Cu(en)2]1.5[H3Er(a-AsW11O39)2]}
3 is constructed
from a ErIII substituted sandwich-type fragment [H3Er(a-
AsW11O39)2]
8, three bridging [Cu(en)2]
2+ cations (namely,
[Cu1(en)2]
2+, [Cu2(en)2]
2+, [Cu3(en)2]
2+) and a pendant
[Cu4(en)2(H2O)]
2+ cation. The sandwich-type fragment
[Er(a- AsW11O39)2]
11 consists of two monovacant Keggin
[a-AsW11O39]
7 subunits in the staggered pattern linked
together via a Er1 core (Scheme 2). The monovacant
[a-AsW11O39]
7 subunit is derived from the well-known ple-
nary Keggin [AsW12O40]
3 polyoxoanion by removal of a
W‚O group. Each [a-AsW11O39]
7 subunit is made up of
three corner-shared W3O13 triads, a corner-shared W2O10 diad
that is degraded from the W3O13 triad and a central AsO4
group. In the [a-AsW11O39]
7 fragment, the AsV atom exhibits
a tetrahedral coordination environment deﬁned by three
l4-oxygen atoms from three W3O13 triads and one l4-oxygen
atom from W2O10 diad with the AsAO distances of
1.623(16)–1.672(14) ; meanwhile, each W center in the
[a-AsW11O39]
7 subunit shows a octahedral coordination
geometry with the WAO distances of 1.684(16)–2.457(17) .
The bridging [Cu1(en)2]
2+, [Cu2(en)2]
2+ and [Cu3(en)2]
2+ cat-
ions are located on the special sites with atomic coordinates of
(1/2, 1/2, 1/2), (1/2, 0, 1/2) and (1, 1/2, 1/2) leading to their
occupanfcy of 50% for each. The [Cu1(en)2]
2+, [Cu2(en)2]
2+,
[Cu3(en)2]
2+ and [Cu4(en)2(H2O)]
2+ cations are all in the
elongated octahedral geometries deﬁned by four nitrogen
atoms from two en ligands and two oxygen atoms. The CuAN
distances vary from 1.97(3) to 2.03(2) A˚ while the CuAO band
length is in the range of 2.53(2)–3.02(2) , which proves the
occurrence of Jahn–Teller distortion of the copper cations inic characterization of a 2-D organic–inorganic hybrid CuII–ErIII heterometallic
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Scheme 2 Combination of two [a-AsW11O39]
7 fragments, one Er3+ cation, three [Cu(en)2]
2+ cations and one [Cu(en)2(H2O)]
2+ cation
in the molecular unit of 1.
4 X. Liu et al.ligand ﬁeld (Fig. 1a). One remarkable structural characteristic
of 1 is that four Cu-en complex cations are all connected with
one [a-AsW11O39]
7 subunit. Of particular interest is that
[Cu1(en)2]
2+ and [Cu3(en)2]
2+ cations are bound to the
W2O10 diad, whereas [Cu1(en)2]
2+ and [Cu4(en)2(H2O)]
2+
cations respectively link to other two W3O13 triads. The Er1
cation adopts a distorted square antiprismatic geometry
formed by eight available oxygen atoms from two [a-AsW11-
O39]
7 moieties with ErAO distances of 2.326(15)–
2.415(15) A˚ (Fig. 1b). In the coordination polyhedron around
the Er1 cation, the O44, O47, O57 and O60 group and the O23,
O27, O36 and O38 group constitute two bottom planes of the
square antiprism and their average deviations from the ideal
planes are 0.0037 and 0.0077 A˚, respectively. The distances
between the Er1 cation and two bottom planes are 1.273 and
1.248 A˚, respectively and the dihedral angle between two
bottom planes is 2.6.
As is shown in Fig. 2a, the [H3Er(a-AsW11O39)2]
8 frag-
ments are linked by [Cu2(en)2]
2+ and [Cu3(en)2]
2+cations to
form 1-D organic–inorganic chains, and then each chain is
connected with two adjacent 1-D chains through [Cu1(en)2]
2+
to yield a 2-D sheet structure (Fig. 2b). As shown in Fig. 2b,
[H3Er(a-AsW11O39)2]
8 fragments exhibit two types of spatial
orientation. If we look on [H3Er(a-AsW11O39)2]
8 fragments
with one spatial orientation as A type and [H3Er(a-AsW11-
O39)2]
8 fragments with the other spatial orientation as B type,
a simpliﬁed connection mode of the 2-D sheet comes into being
(Fig. 2c). From the viewpoint of topology, the [H3Er(a-AsW11-
O39)2]
8 fragments are deﬁned as 3-connected nodes and the
[Cu(en)2]
2+ cations serve as linkers; therefore, the resulting
2-D sheet can be simpliﬁed into a 2-D (6,3)-network topology
and adjacent sheets are aligned in the mode of AAAAA
(Fig. 2c). From the viewpoint of supramolecular chemistry,Figure 1 (a) The molecular unit of 1 with the selected numbering sc
cation in 1 (symmetry codes: A: 1x, 1y, 1z, B: 2x, 1y, 1z, C
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the neighboring clusters in the 3D supramolecular architecture
(Fig. 3a). For each [Cu(en)2]
2+ cation, the N atoms of en
ligands as hydrogen-bonding donors interact with the O accep-
tors from the close [H3Er(a-AsW11O39)2]
8 fragments with the
NAH  O distances of 2.97(3)–3.35(3) A˚ (Table 2). Several
types of hydrogen-bond interactions based on different
[Cu(en)2]
2+ cations are shown in Fig. 3b–d.3.2. IR spectra
The IR spectrum of 1was recorded asKBr pellets in the range of
4000–400 cm1 and displays four characteristic mas(AsAOa),
terminal mas(WAOt), corner-sharing mas(WAOb) and edge-shar-
ing mas(WAOc) asymmetric stretching vibration bands derived
from the Keggin-type AT framework, which are observed at
891, 955, 828, and 768, 721 cm1, respectively. Compared with
Na8[A-a-HAsW9O34]Æ11H2O (2) [837, 945, 799 and 745 cm
1
for mas(AsAOa), mas(WAOt), mas(WAOb) and mas(WAOc)]
(Fig. 4), the mas(WAOt) vibration band in 1 is almost not shifted,
suggesting the weak effect of the Cu-en cations on the terminal
oxygen atoms on the [H3Er(a-AsW11O39)2]
8 fragment, which
is in good agreement with the long CuAOt distances in 1. The
signals at 3353–3143 cm1 and 2990–2890 cm1 are ascribed
to the m(NH2) and m(CH2) stretching vibration, while the reso-
nances at 1639–1560 cm1 and 1476–1450 cm1 are assigned
to the d(NH2) and d(CH2) bending vibration, respectively,
which conﬁrms the presence of en in 1. Furthermore, the broad
vibration band at 3447–3437 cm1 suggests the presence of lat-
tice water molecules or coordination water molecules. In con-
clusion, the occurrences of these characteristic signals of 1 are
in good agreement with its single-crystal structural analysis.heme. (b) Square antiprismatic coordination geometry of the ErIII
: 1x, y, 1z).
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Figure 2 (a) Polyhedral and ball-stick view of 1-D organic–inorganic hybrid chains in 1. (b) 2-D sheet structure in 1. (c) Simpliﬁed
connection mode of the 2-D sheet. (d) The topological (6,3)-network with the packing mode of AAAAA. The balls represent the [H3Er(a-
AsW11O39)2]
8 fragments.
Figure 3 (a) The 3D supramolecular architecture of 1 formed by the hydrogen-bonding interactions. (b) The hydrogen-bonding patterns
of [Cu1(en)2]
2+ cation. (c) The hydrogen-bonding patterns of [Cu2(en)2]
2+ cation. (d) The hydrogen-bonding patterns of [Cu2(en)2]
2+
cation. Symmetry codes: D: 1 + x, y, z, E: x, 1y, 1z, F: x, y, 1z.
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Table 2 Hydrogen-bonding interactions (A˚, degree) in 1.
DAH  A d(DAH) d(H  A) d(D  A) <(DHA)
N(1)AH(1A)  O(27) 0.90 2.55 3.17(3) 126.6
N(1)AH(1A)  O(47) 0.90 2.59 3.35(3) 142.8
N(1)AH(1B)  O(26) 0.90 2.21 3.05(3) 155.1
N(2)AH(2A)  O(47)#1 0.90 2.21 3.01(3) 148.1
N(2)AH(2A)  O(23)#1 0.90 2.57 3.27(3) 135.8
N(2)AH(2B)  O(24)#1 0.90 2.44 3.10(3) 129.9
N(3)AH(3A)  O(54)#2 0.90 2.25 3.04(3) 146.0
N(3)AH(3B)  O(20) 0.90 2.13 2.97(3) 155.1
N(4)AH(4B)  O(21)#2 0.90 2.48 3.00(3) 117.4
N(5)AH(5A)  O(28) 0.90 2.38 3.05(3) 131.1
N(5)AH(5A)  O(30) 0.90 2.49 3.33(3) 156.5
N(5)AH(5B)  O(44) 0.90 2.24 3.01(3) 142.7
N(6)AH(6A)  O(35)#3 0.90 2.31 3.04(3) 139.1
N(6)AH(6B)  O(42)#3 0.90 2.30 3.16(4) 159.9
N(6)AH(6B)  O(44)#3 0.90 2.69 3.32(3) 128.8
Figure 4 The IR spectra of 1 and 2.
Figure 5 The UV spectrum of 1.
6 X. Liu et al.3.3. UV spectra
The solid-state UV absorption spectrum of 1 in the range of
190–400 nm has been recorded at room temperature and it dis-
plays two obvious absorption bands centered at 219–221 nm
and 299–302 nm, respectively (Fig. 5). The higher energy
absorption band can be assigned to the pp–dp charge-transferPlease cite this article in press as: Liu, X. et al., Synthesis, structure, and spectroscop
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attributed to the pp–dp charge-transfer transitions of the
Ob(c)ﬁW bonds (Feng et al., 2005; Chang et al., 2009;
Chen et al., 2010).
3.4. XPS spectra
Bond valence sum (BVS) calculations (Brown and Altermatt,
1985; Trzesowska et al., 2004; Brese and Keeffe, 1991) of 1
indicate that the oxidation states of all W, Cu and Er atoms
are +6,+2 and +3, respectively, which are further conﬁrmed
by X-ray photoelectron spectroscopy (XPS) (Fig. 6). The spin–
orbit components (2p3/2 and 2p1/2) of the Cu2p peak are well
deconvoluted by two curves at 933.2 and 953.0 eV, respec-
tively, which indicate the presence of the CuII cations in 1.
These values are in good agreement with the previous results
(Yu et al., 2007). The ErIII 4d3/2 peak is found at 178.5 eV
(Akitsu and Einaga, 2006). The W4f7/2 and W4f5/2 binding
energies of 33.8 and 35.9 eV are coincident with the reported
values (Martinez et al., 2004; Szila´gyi et al., 2006; Khyzhuna
et al., 2005), which conﬁrm that all the W centers in 1 are
+6. The XPS proﬁle exhibits a peak at 36.5 eV, which is
ascribed to the AsIII 3d3/2 in 1. These results are consistent with
BVS calculations from the X-ray structural analysis.
3.5. Electrochemistry and electrocatalytic properties
Cyclic voltammetry (CV) measurements were performed to
study the solid-state electrochemistry behavior and electrocat-
alytic properties for 1 in the 0.5 mol L1 Na2SO4 + H2SO4
aqueous solution (a medium suitable for testing electrocata-
lytic processes) by entrapping 1 in carbon paste electrode
(CPE) because of the inorganic–organic hybrid 1 synthesized
under hydrothermal conditions being insoluble in water and
having poor solubility in common organic solvents. In the sul-
fate pH = 3.32 medium, the cyclic voltammogram of 1 at a
scan rate of 20 mV s1 at room temperature shows four pairs
of redox peaks in the potential range of 1.4 V to 1.0 V
(Fig. 7a). The mean potentials E1/2 = (Epa + Epc)/2 are
+0.130 V (I/I0), 0.328 V (II/II0), 0.655 V (III/III0) and
1.014 V (IV/IV0), respectively. The ﬁrst oxidation peak I
(+0.182 V) and its reduction counterpart I0 (+0.078 V) areic characterization of a 2-D organic–inorganic hybrid CuII–ErIII heterometallic
rabjc.2014.12.002
Figure 6 (a) The XPS spectrum for Cu2p3/2 and Cu2p1/2 in 1. (b) The XPS spectrum for Er 4d3/2 in 1. (c) The XPS spectrum for W4f7/2
and W4f5/2 in 1. (d) The XPS spectrum for As3d3/2 in 1.
Figure 7 (a) Cyclic voltammogram of 1-CPE in pH = 3.32, 0.5 mol L1 Na2SO4 + H2SO4 aqueous solution. (b) Cyclic voltammograms
of 1-CPE at different scan rates. (c) The linear relationship between cathodic peak currents (III0) and the scan rates for 1-CPE. (d) Cyclic
voltammograms of 1-CEP in pH= 3.32, 0.5 mol L1 Na2SO4 + H2SO4 aqueous solution containing various concentrations (a 3 · 103,
b 5 · 103, c 7 · 103, d 9 · 103) of NaNO2. (e) Cyclic voltammograms of 1-CEP in pH = 3.32, 0.5 mol L1 Na2SO4 + H2SO4 aqueous
solution containing various concentrations (a 1 · 105, b 3 · 105, c 5 · 105, d 7 · 105) of NaBrO3. (f) Cyclic voltammograms of 1-CEP
in pH= 3.32, 0.5 mol L1 Na2SO4 + H2SO4 aqueous solution containing various concentrations (a 5 · 104, b 1 · 103, c 1.5 · 103, d
2 · 103) of H2O2.
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8 X. Liu et al.attributed to the redox process of the CuII centers (Zhao et al.,
2013; Zhang et al., 2013). The second, third and fourth oxida-
tion peaks II, III and IV (0.14 V, 0.502 V and 1.014 V,
respectively) and their reduction counterparts II0, III0 and IV0
(0.511 V, 0.790 and 1.132 V) are ascribed to the WVI
reductions (Zhang et al., 2013; Chen et al., 2014). The peak
potentials change gradually with the scan rate from 20 to
200 mV s1: anodic peak potentials move to the positive direc-
tion and the corresponding cathodic peak potentials shift to the
negative direction (Fig. 7b). As shown in Fig. 7c, the cathodic
peak current intensity (Ipc) is proportional to the scan rate (m)
with the linear equation of Ipc = 0.0000001.1171m  0.00001
with the correlation coefﬁcient of 0.996, which suggests the
redox process of the 1-CPE is diffusion-controlled. In order
to evaluate the electrocatalytic activity, 1-CPE is employed to
investigate the electrocatalytic reduction of nitrite, bromate,
and hydrogen peroxide in 0.5 mol L1 Na2SO4 + H2SO4 aque-
ous solution (pH = 3.32), respectively. With the addition of
nitrite, bromate or hydrogen peroxide, peak currents are almost
unaffected by either the Cu-based reduction wave or the
W-based reduction peaks (Fig. 7d–f). These results manifest
that 1-CPE does not show obvious electrocatalytic activities
toward nitrite, bromate or hydrogen peroxide.
4. Conclusion
In summary, a 2-D organic–inorganic hybrid CuII–ErIII het-
erometallic AT 1 has been successfully synthesized under
hydrothermal conditions and structurally characterized by ele-
mental analyses, IR, UV spectra, XPS, Cyclic voltammetry
and single-crystal X-ray diffraction. 1 displays an organic–
inorganic 2-D sheet structure with (6,3)-network topology con-
structed by sandwich-type [H3Er(a-AsW11O39)2]
8 fragments
and [Cu(en)2]
2+ connectors. In the future, we will introduce
other functional organic ligands to this system to obtain much
more organic–inorganic hybrid Cu–Ln heterometallic ATs
with interesting properties.
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